The purpose of this study was to determine the facility and reliability of the World Health Organization (WHO) classification of myelodysplastic syndromes (MDSs) with several observers reviewing the same diagnostic specimens. We also wanted to determine if the WHO classification provided additional information about predictability of clinical response outcome. To accomplish these goals we reviewed 103 previously diagnosed cases of low-risk MDS. We found 92% interobserver agreement (P < .001). Sixty-four of these patients had been entered into clinical trials using growth factors by the Nordic MDS Study Group. The WHO classification reliably predicted therapeutic response to the combination of granulocyte colony-stimulating factor (G-CSF) and erythropoietin (Epo). The response rate differed significantly between refractory anemia with ringed sideroblasts (RARS) and refractory anemia with multilineage dysplasia and ringed sideroblasts (RCMD/RS) with regard to therapeutic response (75% versus 9%; P ‫؍‬ .003). Also, in the group of patients with less than 5% marrow blasts, there was a difference in median survival between patients with unilineage dysplasia (51% surviving at 67 months) and those with multilineage dysplasia (median survival, 28.5 months;
Introduction
The myelodysplastic syndromes (MDSs) are a heterogeneous group of blood diseases, usually presenting as refractory anemia or cytopenia with an approximately 25% risk of progression toward acute myeloid leukemia (AML). Most cases also show dysplastic changes in one or more hematopoietic cell lines. Cytogenetic and molecular data provide evidence for a clonal hematopoietic stem cell disorder in the majority of cases. Causation, unless associated with prior chemotherapy, radiation, or toxic exposure, eludes discovery. 1, 2 Substantial progress was made when the French-AmericanBritish (FAB) group proposed a classification system based on morphologic features of dysplasia in at least 2 of the 3 hematopoietic lineages in blood and bone marrow (BM) and the presence or absence of ringed sideroblasts (RSs) and Auer rods, as well as the numbers of blasts in blood and BM and the numbers of circulating monocytes. [3] [4] [5] However, the FAB classification left some room for inclusion of morphologic abnormalities in the granulocytic and megakaryocytic series in refractory anemia (RA) and refractory anemia with ringed sideroblasts (RARS) identical to those present in other subtypes of MDS. 4 No allowance was made for unclassified patients.
This classification system has been generally accepted by pathologists and clinicians, and, combined with the international prognostic scoring system (IPSS) for evaluating prognosis, [6] [7] [8] [9] has facilitated meaningful clinical trials. 10, 11 However, some difficulties arose such as the use of the term refractory anemia, the definition of the 5qϪ syndrome, the emergence of chronic myelomonocytic leukemia (CMML) as an MDS/myeloproliferative syndrome, and the realization that blast counts in BM exceeding 20% usually portend a prognosis similar to AML.
Further modifications of the MDS classification were suggested [12] [13] [14] [15] [16] and a modified classification was proposed by the World Health Organization (WHO). 12, 13, 16 The WHO classification recognizes unilineage dysplasia for a diagnosis of RA with and without sideroblasts, reclassifies the problematic cases of CMML as myelodysplastic/myeloproliferative diseases, and those of MDS with more than 20% marrow blasts in blood and BM as AML. It also recognizes the prominent dysplastic changes in granulocytes and megakaryocytes, in addition to erythroid changes and RA with multilineage dysplasia as a distinct MDS category. Thus, the WHO classification sharpened the distinction between pure RA and RARS and those cases with multilineage dysplasia (RCMD and RCMD/RS). This new classification system has yet to gain wide acceptance and, indeed, has been criticized by some 17, 18 in its present form. Others uphold its usefulness. 12, 19, 20 Treatment of MDS varies considerably between the different subclasses and risk groups. Although only a minority of patients are eligible for curative approaches, the possibilities to relieve cytopenia in particular, with proerythroid growth factor treatment, are gradually improving. 2 In the present study, 103 cases of MDS previously classified by FAB were reclassified according to the WHO proposal. The aim was to assess the usefulness of the WHO classification and to study interobserver variation in its application. The study included principally low-risk MDS; all patients had RA, RARS, and refractory anemia with excess blasts (RAEB) by FAB criteria, and only 4 had blast percentages exceeding 10%. All patients had previously been included in either clinical or laboratory protocols for low-risk MDS and were well characterized regarding clinical and laboratory parameters. In so doing we addressed the difficult questions of defining dysplastic changes in myeloid and megakaryocytic cells, enumerating them, and assessing clear cutoffs for blast percentages in the various categories. 16, [21] [22] [23] Sixty-four patients have been included in previously reported studies on the combination of erythropoietin (Epo) and granulocyte colony-stimulating factor (G-CSF) 24, 25 and were reassessed for response to treatment in relation to category in the WHO classification system.
Patients, materials, and methods

Patients
A total of 103 BM samples from MDS patients were evaluated. All patient samples were collected from previous clinical and laboratory studies. The majority of patients were included in the Nordic studies using growth factors (GFs) G-CSF plus Epo for the anemia of MDS, 10, 24 another group was included in the Nordic antithymocyte globulin study, 25 and a third part were included in laboratory studies on low-risk MDS. 26 The follow-up of the GF-treated patients was long enough to allow a survival analysis of these patients as of December 1, 2002 .
Morphologic analysis
The BM samples consisted of either trephine bone marrow biopsy (BMB) or clot preparation from aspirate, and BM and blood smears. Most samples were directly processed at Karolinska or Huddinge Hospital in Stockholm. Others were received from other pathology departments for review. BM biopsies were formalin-fixed and decalcified by routine methods, or more recently, Heidenhein-SuSa fixative (mercuric chloride/formaldehyde/ trichloracetic acid/acetic acid) was used. Clot preparations were fixed in Stieve solution (mercuric chloride/formaldehyde/acetic acid). Sections (4-5 m) were cut and stained with Giemsa, hematoxylin-eosin, Prussian blue, and Gordon-Sweet reticulin, respectively. Biopsies were evaluated for overall cellularity, representation and maturation of hematopoietic lineages, and presence of abnormal localization of immature precursors (ALIPs), dysmegakaryopoiesis, fibrosis, and iron content. Smears were stained with May-Grünewald-Giemsa and assessed for comparative hematopoietic lineage representation, presence and degree of dysplasia (dyserythropoiesis, dysgranulopoiesis, and dysmegakaryopoiesis), and percentage of blasts (at least 400 nucleated BM cells were counted). Presence and numbers of sideroblasts were evaluated on smears stained with Prussian blue. RSs were defined as erythroid precursors in which one third or more of the nucleus is encircled by 10 or more siderotic granules as demonstrated in an iron stain.
Fifteen percent or more of the erythroid precursors in the BM smears must be so identified to qualify as RARS. 16 
Reclassification
The original FAB classification was done by the central pathology unit of the Nordic MDS Group studies, Karolinska Hospital, between 1990 and 2001. It could not be excluded that there had been a certain development in the morphologic assessment of BM and technical methods over this long period. Therefore, before reclassification to WHO was done, a reclassification using criteria of the FAB classification 4 and a consensus allocation to an FAB group were done for each BM sample. This reclassification of FAB is reported in "Results," and the consensus FAB is shown in Tables 1 and 4 . Then, the WHO diagnostic criteria 16 were applied rigorously. The clinical and laboratory studies followed the guidelines of the national and local ethical committees, respectively, and all patients had given informed consent.
Interobserver variation study
The 3 observers (R.B.H., A.P.M., R.W.) reviewed all 103 cases independently. Eight cases with discrepant blast percentages or borderline dysplasia were reviewed by all 3 pathologists together and a diagnostic consensus was reached by performing 500 cell differential counts on BM and reviewing dysplastic changes and RSs together. The 3 observers were blinded to the clinical and laboratory data including cytogenetics, as well as treatment results, until the morphologic review was complete.
Cytogenetic analysis
Ordinarily 15 to 30 metaphases (in the majority of cases at least 20) were examined according to standard operating procedures, using either Q-or G-banding, depending on the routines of the particular cytogenetic laboratory at each university hospital in the Nordic MDS Group. Cytogenetic aberrations were grouped according the original IPSS publication. 6 Patients with 5qϪ aberrations were classified as described by Giagounidis et al. 27 According to WHO, 5qϪ syndrome was defined as a case with less than 5% marrow blasts and 5qϪ aberration as a single abnormality. Other patients with 5qϪ abnormality, with or without additional chromosomal aberrations, were included in the other WHO subgroups.
Clinical studies
A special analysis with regard to the WHO classification and outcome of treatment was performed on 64 patients included in the Nordic G-CSF-Epo studies. Sixty of these were evaluable for IPSS score, and 62 were evaluable for a response to treatment.
Statistical methods
The interobserver concordance was evaluated using the Cohen test and the Spearman correlation test. We used 2 analysis to compare groups with regard to response to treatment. Median survival was estimated by Kaplan-Meyer analysis and we used the log-rank test to compare survival between groups. 
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Results
FAB re-evaluation
A re-evaluation of the original FAB group occurred mostly in patients with blast percentages around 5%, poor iron staining, or otherwise suboptimal samples. Patients for whom it was impossible to define a FAB group were all deemed unclassifiable also according to WHO. In Tables 1 and 4 , these patients are included under their original FAB diagnosis. After the FAB re-evaluation, no patient fell outside the inclusion criteria for the clinical studies.
WHO classification consensus
The interobserver variation study showed 92% agreement among the 3 reviewers of BM morphology. A significant concordance was achieved while using WHO classification ( 0, 909, P Ͻ .001; Spearman , 0.939, P Ͻ .01, 2-tailed).
Of the 103 cases reviewed, there was consensus in 95 when reviewed independently (Table 1 ). The remaining 8 were resolved by joint review of the pathology specimens, peripheral blood counts, and cytogenetics (Table 2) . Most disagreements concerned definition of dysmorphic changes in megakaryocytes: size, aberrations in maturation and number, and granulocytes: pseudo PelgerHuet changes and abnormalities of granulation as well as their enumeration (Figure 1) . The arbitrary cutoff of 10% abnormal cells in a given cell line was sometimes difficult to apply. The quantity and quality of the specimen and the staining characteristics were often central in the final judgment. There were also occasional difficulties in applying the criterion of more than 15% RSs to define RARS, although true RSs were usually easily identified if the iron stain was well prepared. In summary, 4 examples of RA called by one reviewer were called RCMD by a separate reviewer and 3 cases called RCMD/RS by one were categorized as RARS by the others. One case diagnosed RA by one observer was called RAEB-1 by 2 observers who counted more than 5% blasts in the BM (Table 2 ). This distinction may prove important, as discussed in "WHO classification and outcome of GF treatment."
The percent blasts at the cutoff between RAEB-1 and RAEB-2, or RAEB-1 and other diagnostic categories was sometimes an issue. Repeat 500 cell differential counts were used to assign the category. Among those cases universally agreed on, all 3 observers called one RAEB, but differed on the blast percentage (5.5%-11%). Foci of blasts led one to classify this case as RAEB-2. In another 3 cases the threshold of 5% blasts resulted in change of the diagnosis from RA, RARS, or RCMD to RAEB-1. Cases defined as 5qϪ syndrome were more readily classified. One case of RAEB was reclassified as 5qϪ syndrome following review of the cytogenetics and finding fewer than 5% blasts on review.
Eleven cases demonstrated the 5qϪ aberration by conventional cytogenetics. Eight of these had megakaryocytic dysplasia and fewer than 5% BM blasts and were classified as 5qϪ syndrome. A single case resembled 5qϪ syndrome morphologically but had karyotype 46,XY. Two others had additional dysplasia and complex chromosome abnormalities. One had more than 5% BM blasts and was classified as RAEB-1.
WHO classification and outcome of GF treatment
Most RA and RARS patients had low IPSS scores (10 low, 2 Int-1), whereas RAEB-1 and RAEB-2 patients had higher scores (2 low, 6 Int-1, 1 Int-2, 6 high). RCMD and RCMD/RS patients were in the intermediate IPSS range (11 low, 8 Int-1, 3 Int-2, 0 high; Table 3 ).
Sixty-four cases entered into treatment studies with G-CSF and Epo were included in the 103 reclassified cases. These are outlined in Table 4 . According to the Nordic response criteria, 11 a complete response (CR) was defined as an increase in hemoglobin to at least 11.5 g/dL and a 100% reduction in transfusion need for 4 weeks or longer. Partial response (PR) was defined as either a 100% reduction in transfusion need or an increase in hemoglobin more than 1.5 g/dL. 10, [28] [29] [30] Although clinical responses were noted in each category (Table  5) , CRs were most common in RA (67%) and RARS (50%). There was a striking difference in response rate between RARS and RCMD/RS (75% versus 9%; P ϭ .003). The difference between RA and RCMD was less pronounced (67% versus 50%), but the numbers were too small for a relevant comparison. Overall, patients with unilineage dysplasia and less than 5% blasts showed a response rate of 35% compared to 73% for patients with multilineage dysplasia (P ϭ .03). The diagnosis of RARS versus RCMD/RS fitted well with the validated decision model (predictive value 0 ϭ 0.0001). 30 In the RARS group, 5 of 6 evaluable patients belonged to the good response category and one to the intermediate category. Of the 9 patients in the RCMD/RS group, 3, 5, and 1 For personal use only. on April 21, 2017 . by guest www.bloodjournal.org From patients belonged to the good, intermediate, and poor response categories, respectively. The impact of unilineage versus multilineage dysplasia on survival was then analyzed in patients with less than 5% blasts (FAB RA and RARS). Patients with unilineage dysplasia had a better survival (51% surviving at 67 months versus median survival 28.5 months, P ϭ .03; Figure 2) . No difference was seen regarding outcome and survival in patients with and without RSs (P ϭ .44).
Discussion
Much of the progress in understanding and management of malignant disease can be credited to the development and application of classification and staging systems that allow medical investigators to study comparable diseases in comparable patients. When a new classification system is presented, it is essential to compare it with the old classification both regarding its usability (interobserver variation) and its usefulness in the evaluation of clinical studies. The WHO classification has previously been evaluated with respect to prognosis 17 of essentially untreated cases. The present study was designed to investigate interobserver variability, to define potential diagnostic difficulties, in particular regarding dysplastic features, and to evaluate the usefulness of the classification in predicting outcome of proerythroid GF treatment in a large cohort of patients mainly belonging to the low-risk categories.
For the MDSs the FAB and IPSS have served this role well. Although they have been widely applied and generally accepted, some deficiencies have been identified. The application of cytogenetics has identified a unique syndrome, that of 5qϪ. It has also made possible the IPSS, a powerful prognostic tool. 6 CMML has emerged as a myeloid disorder, which may exhibit characteristics of a myelodysplastic and a myeloproliferative syndrome. Admittedly, some cases of leukemia feature dysplastic changes in multiple cell lines and some cases emerge from previously diagnosed MDS. Others may have very few dysplastic features. These variants may represent different subclasses.
The purpose of our study was 2-fold. We wanted to apply the WHO diagnostic criteria to patients studied previously to assess the ability of several observers to apply the criteria consistently and to reassess outcome measurements in previous reports on patients to determine if the expanded number of diagnostic categories refines our ability to predict treatment response.
Our first goal was reached by having 3 separate observers, 2 pathologists and a clinical hematologist, review the peripheral blood and BM specimens. Peripheral blood count and cytogenetic data were then applied according to the WHO criteria. There was a significant interobserver agreement. Discrepancies among observers nearly always related to the identification and enumeration of dyspoiesis in neutrophils and megakaryocytes. Although we reached consensus by reviewing pathologic material jointly, subtle hypogranularity of neutrophils was sometimes disputed. There was usually consistent agreement on pseudo Pelger-Huet cells. The quantitation of 10% dysplastic cells in 2 or more myeloid cell lines was sometimes difficult. There was occasional disagreement on the dyspoietic changes and enumeration of megakaryocytes. When aspirates were inadequate, we relied on BM sections. Such discrepancies may best be resolved by obtaining fresh pathologic material (BM and peripheral blood) and ensuring adequate staining, especially for iron. Samples with borderline blast percentages should have 500 cell differential counts.
Borderline blast percentages changed the diagnosis in 5 cases (4.9%). In each instance we repeated 500 cell differential counts on BM samples to reach the final diagnosis. Although this seemed arbitrary, it was a practical solution. There was occasional difficulty identifying and enumerating RSs. Although we applied generally accepted criteria, the result depended heavily on the quality of the specimens. It is therefore recommended that at least 2 serial BM samples be taken in any patient with borderline values for marrow blasts, sideroblasts and dysplastic features, or when the BM specimen is of suboptimal quality.
Sixty-four of the cases had been entered into clinical trials using G-CSF and Epo by the Nordic MDS Group. Because these were low-risk patients (RA, RARS, and RAEB by FAB criteria), we cannot comment on the application of WHO criteria to other categories. The referees for the Nordic MDS Group applied the FAB criteria as understood from the original report and according to the standard use of these criteria in clinical studies and publications. 4 Our reclassification applying WHO criteria factored those cases with multilineage dysplasia out of the low-risk group. Because the amount of dysplasia allowed by FAB was not entirely clear, one might argue that some cases that we classified as RCMD might be termed "unclassifiable" by FAB. However, unclassifiable MDS according to FAB has been used mainly for patients in whom it was not possible to estimate the percentage of blasts. For purposes of comparison with other clinical studies using the FAB classification we allowed the originally refereed diagnoses to stand. We reassigned our 64 cases to the appropriate WHO categories and assessed the effect of this reallocation on the clinical response in terms of improved hemoglobin levels and stopped transfusion requirements (Tables 4-5 ). Because redistribution of diagnoses to more categories led to fewer patients in each group, the detection of clinical significance regarding outcome of treatment will be more difficult from a statistical viewpoint. We conclude that this is a problem of the WHO classification. Three FAB subgroups (RA, RARS, RAEB) have been transformed into 8 new categories (RA, RCMD, RARS, RCMD/RS, 5qϪ, MDS-unclassified, RAEB-1, RAEB-2). A challenge is to learn how to apply the WHO criteria widely. The present study suggests that in patients with less than 5% marrow blasts, a very important negative variable for response to proerythroid GF treatment as well as for survival is nonerythroid multilineage dysplasia. The presence of multilineage dysplasia apparently lessens the chance of response to therapy, in particular in cases with RSs. The difference between RARS and RCMD/RS was more pronounced (P ϭ .003) than for patients with unilineage versus multilineage dysplasia in general. A significant difference in survival and leukemic transformation between RARS and RCMD/RS has been shown previously, and our results underline that this also translates into a significant difference in response to GF treatment. 31 Thus, a thorough analysis of dysplastic features should be recommended in MDS with less than 5% marrow blasts before initiation of GF treatment, and this analysis should be weighted together with other predictive variables, such as IPSS and predictive G-CSF-Epo score. We conclude that the WHO criteria can be applied successfully with good interobserver agreement. The importance of good specimens and staining was emphasized. In doubtful cases, a second BM biopsy and clinical observation may be necessary. Concordance might be further improved if the definitions of dysplastic granulocytes and megakaryocytes could be refined. One drawback of the classification system is the increased number of diagnostic categories. This requires more patients per study to make application of statistics meaningful. Using the WHO criteria for classifying MDS refines the ability to predict treatment response as exemplified by RARS and RCMD/RS. Patients likely to show complete responses are also identified. We recommend the broad application of the WHO MDS criteria, both to assess its utility further and to aid in the interpretation of clinical trials.
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